Abstract: Transit-oriented development (TOD) is assumed to be effective at changing the travel behavior of individuals, particularly in increasing the use of public transit, but also by increasing walking activity while decreasing driving. The analysis presented here examines the frequency of using these modes of travel for those living in TODs and proximate to a train station versus those living more distantly. Household survey data was collected for the area surrounding eight rail stations in the state of New Jersey in the United States. The models developed include factors that control for attitudes about the neighborhood where respondents reside and how long they have lived at their current residence. Other control variables to represent the urban design of the neighborhood are also included. A factor analysis of the attitudinal variables produces five factors that are used as controls in an ordered structural equation model of frequency of using public transit, walking, and driving. Results suggest that those living in TODs and closer to the train station use public transit and walk more frequently than those living farther out; they also drive less frequently than those living farther out. 
Introduction
Many municipalities with train stations in New Jersey are seeking to focus new development near their train stations. Over the last 15 years or so, transit-oriented developments (TODs) have been built near many stations in the state. These are often combined with walkability improvements in the area around the station and efforts to promote development in the town center (which is often adjacent to the train station). The new residents of these TODs may be more likely to use the train for their commute trips as many stations have direct service to Manhattan. Travel behavior of the TOD residents and those who live relatively close to the station may differ from those living farther afield. The objective of this study was to examine these effects, specifically how the frequency of using different modes of travel is associated with residence location while controlling for many of the other features of a TOD area. Household survey data was collected within 2 miles of eight rail stations (seven commuter rail and one light-rail) in New Jersey. The data collection included detailed data on respondents' attitudes toward living in their current location. This is one way to potentially control for self-selection bias, which has plagued many studies that seek to correlate locational variables with travel behavior. We also controlled for how long residents had lived in their current location. To analyze these data a structural equation model (SEM) was specified using the frequency of traveling by car, walking, and public transit as simultaneous dependent variables. We are not familiar with other research in travel behavior that has taken Recent work (Boarnet et al. 2010) attempts to parse out whether VMT reduction is simply due to the presence of transit (rail and bus) or whether land use plays a significant role. Looking at detailed travel diary data from the greater Los Angeles area, these researchers examined land-use characteristics at the neighborhood level as well as regional access to jobs and to the transportation network. They found that there was large variation in how proximity to transit affected travel. One consequence is that studying regional average features of the built environment may mask many of the more localized impacts that affect individual travel decisions (Boarnet et al. 2010) .
Looking at barriers to TODs in New Jersey, Chatman and DiPetrillo (2010) found that auto commuting and auto ownership were strongly correlated with housing type (size) and tenure as well as the amount of available parking, and less so by rail station access. These findings suggest that an effective TOD impact model should include measures of housing characteristics and parking availability (as well as parking regulation and policies) in addition to mere numbers of units (Chatman and DiPetrillo 2010) .
Our analysis builds on this prior literature. Original data was collected near eight train stations in New Jersey. The analysis that follows focuses on how residents who live either closer to the station or farther afield travel, using a variety of self-reported measures. The next section discusses our data collection strategy and this is followed by the analysis and results.
Data collection
Data was collected in summer 2012 using a combined online/printed survey of households residing in or near eight locations with rail transit. The sampling frame targeted 1000 randomly selected households in each site-stratified by distance from the station. These strata were for households located within 0.5 miles of the station (400 respondents or 40 percent of the sample), those residing in new or substantially renovated structures within 0.25 miles of the station (up to 200 respondents or 20 percent of the sample), and those living between 0.5 and 2.0 miles from the station. For Metuchen, Cranford, and Plainfield stations, there were fewer than 200 addresses for new housing. Metuchen had no new housing, Cranford had 66 residences, and Plainfield had 75. The balance of the sample for these locations was reallocated to the 0.5-mile radius strata in each case. The stations were selected in consultation with staff from NJ Transit and represent a broad range of different demographic characteristics. Metuchen and Cranford are relatively affluent areas, while Plainfield, New Brunswick, and Newark are relatively low income (see Table 1 ). Different transit lines were also selected. Most are commuter rail lines, but Newark Broad St. is served both by commuter rail and the Newark subway (a light rail line), and Essex St. in Jersey City is served by the Hudson-Bergen Light Rail line. Figure 1 Our survey protocol included an advance letter advising respondents that they will receive the survey, a survey invitation directing respondents to the online questionnaire, a three-day follow-up postcard, a three-week follow-up letter, and a final follow-up letter with a printed questionnaire (Dillman 2000) . All households received a $1 bill as incentive to encourage their participation. In an effort to increase response rates from underperforming station areas (specifically Newark Broad St. and Plainfield), a portion of these households received an additional $1 bill incentive in the fifth and final mailing that also delivered the printed questionnaire. Overall, the response rate for the survey was 23.5 percent, though the rate varied by community. The response rate from the poorer and urban communities in Newark and Plainfield were about 15 percent, while the rate from affluent suburban communities such as Metuchen and Cranford were 35.2 percent and 29.3 percent, respectively. A total of 1629 responses were received from a mailing of 8000 with 6938 valid addresses. There is no consistent pattern of response rate between the various strata that were sampled. Of those completed surveys received, 74.1 percent completed the questionnaire online; online responses were less in lower-income municipalities. The overall survey response statistics are shown in Table 2 . Table 3 lists the stations as well as information on the response rates, while Table 2 shows the response rate for mail and online versions. The numbers take into account changes in the sample due to vacant addresses, bad addresses, deceased respondents, and mail returned to sender. b This number combines the refusals that were received by phone and mail. This designation refers to mail that was returned marked either " Vacant" or "VAC." d This designation refers to mail that was returned marked either "Address Unknown" or "Insufficient Address." e This designation refers to mail that was returned marked either "Attempted Unknown" or "Unable to Forward." f Information on deceased recipients was phoned in or noted on returned mail. 
Data analysis
It is hypothesized that those who live closer to a train station are more likely to use public transit, walk for various activities, and use their cars less. These issues are analyzed using survey data collected for the eight TOD study areas. We approach this analysis using a structural equation model. Our main metric for examining travel behavior is self-reported information on how frequently respondents use various modes of travel. We also collected data on the primary mode of travel for their commute trip. These variables are examined in more detail using a structural equation model that controls for the many interactions associated with mode usage, including attitudes residents have about their neighborhood and how long they have lived there. These controls and interactions are meant to minimize self-selection bias; that is, those who want to use public transit or who want to walk more often will locate closer to the train station and more walkable environments. The key outcome variable of interest is the frequency that each respondent either drives, walks, or uses public transit. These are measured in the survey instrument based on whether the respondent reported using the mode of travel based on six ordered responses ("every workday," "few times a week," "once a week," "once a month," "few times a year," or "never"). The distribution of these choices for the entire sample is shown in Figure 2 . These relationships are also displayed in tabular format in Table 4 where they are broken down by how close each household is to the train station, by combining those who live in a TOD with those within 0.5 miles of the station compared to those living 0.5 miles to about 2.0 miles from the station. These cross-tabulation results show two primary characteristics of the sample. First, most people drive quite frequently and at least several times a week, if not every workday. However, of those who never drive or only drive a few times a year, proportionally more live within 0.5 miles of the transit station. Second, a sizable fraction of the respondents are infrequent walkers; about 30 percent of the respondents either never walk or do so only a few times a year. More of the infrequent walkers live beyond 0.5 miles from the station. Those who report walking every workday are much more likely to live near the station than farther away. Public transit use is more variable. About half of the respondents either never use public transit or do so only a few times a year. The fraction of those in this category is greater the farther they live from the station. A sizable share of the sample uses public transit every workday and this share is greater for those living close to the station.
These mode use frequency questions were asked in the context of work trips but were not specifically meant to reflect work trips only. This was partly due to how the question was placed within the survey questionnaire, immediately following a section with detailed questions about the work trip.
Additional evidence for the benefits of TOD is revealed in the choice of mode used for work trips. Table 5 provides strong evidence that those living within 0.5 miles of a train station are far more likely to use public transit for their commute trip than those living farther out. They are also less likely to drive to work and, while the absolute values are small, twice as likely to walk to work than those living farther from the station. 
Theoretical and methodological framework
One of the key research challenges in evaluating travel choices of those who live in and near TODs is the problem of '"self-selection bias." That is, those people who live in or near TODs live there because they prefer to use transit or prefer to walk more, compared to those who are not residents. Most analyses cannot claim to completely control for this; however, one technique that has been used is to control for the attitudes of residents as well as the length of time they have lived in their current location (Cao et al. 2009a ). Our multivariate analysis extends this line of reasoning by including a control for how long residents have lived in their current home. Our hypothesis is that those who have lived in a location for a shorter period of time will be more likely to have selected their neighborhood because of the travel choices available. Therefore, those living at a location for a shorter period of time may be more likely to use transit and to walk, all else equal. This is moderated by how the length of time one has lived in a location is affected by attitudes; that is, the various attitudes each respondent has toward his or her neighborhood and modal choices may also affect how long the person lives in a neighborhood.
The built environment around TOD and station areas is a key metric that can affect travel behavior. Two proxies often used are population density and employment density. Road network variables, such as street and intersection density are also often used in models of travel behavior; intersection data was not available for our analysis. Vehicle ownership has also been found to affect walking behavior. This can also be influenced by the built environment; denser areas tend to result in more difficult driving conditions and more expensive parking, making vehicle ownership less desirable.
Given these intricate relationships, we specify what is known as a path or structural equation model (SEM) (Iacobucci 2009 ). This allows for simultaneous modeling of the many factors that influence the use of each mode of travel. Our key dependent variable is the reported frequency with which each respondent drives, uses public transit, or walks. (See Figure 3 and Table 4 . Figure 3 displays these relationships graphically.
The modal frequencies in Figure 3 are measured by our questions on frequency of using each mode of travel (car, public transit, and walking). These are our key dependent variables and each is crosscorrelated with the other, which is controlled for in our SEM analysis.
1 These variables are also ordered; that is, they are not continuous variables. Our analysis also controls for this. Ordered variables also prevent us from specifying these as endogenous variables because ordered variables cannot be included as independent variables. Key control variables include socioeconomic variables (income and average age of household). Other socioeconomic variables were tested, including the presence of children and whether the household owns a dog, but were not found to be important factors. Since the sampling strategy was stratified, we also include categorical variables for each TOD area and for where the respondent lives relative to the station (in a TOD or within 0.5 miles relative to farther out). We include one additional variable, which is the total commute time reported by each respondent. The choice of commute mode is partly determined by how long the commute is. While our modal frequencies are not specifically linked to commuting behavior, we restrict the analysis to those who are commuters. The time devoted to a daily commute can affect the use of other modes. For example, one can imagine a commuter who drives a long distance not walking or using public transit as frequently.
Four additional measures are controlled for using more complex interactions. These are attitudes, home tenure (i.e., how long the respondent has lived in his or her current home), population and employment density and local street density (proxies for the built environment), and vehicle ownership. Attitudes are a major factor affecting the use of each mode, but they also play an indirect effect by how attitudes can influence the choice of where a person lives and his or her vehicle ownership. Our model thus links attitudes to home tenure and vehicle ownership. The built environment is also linked to how long respondents have lived in their home and their vehicle ownership. It is assumed that more walkable built environments presumably lead to longer home ownership and reduced vehicle ownership, thus indirectly affecting the frequency of using each mode of travel.
Measurement of attitudinal variables
Respondent attitudes toward where they live and their travel choices can influence the choice of residential location and the number of vehicles a household owns. Both are key intervening factors that influence travel choices. We would expect those who have lived in or near a TOD for a shorter period of time to be choosing their residential location partly because of their attitude toward their neighborhood and toward the travel choices available. Thus attitudes help to influence the length of time a household stays in one location, and thus they directly and indirectly affect travel choices. Vehicle ownership also has an influence on the frequency of driving and use of other modes. Attitudes were measured in our survey using the questions shown in Figure 4 and Figure 5 . In order to use this information in our analysis we conducted a factor analysis to simplify the attitudinal variables. The first step in doing this is to examine the change in the value of the eigenvalue for each factor. Figure 6 shows a screeplot that suggests that five factors are sufficient to account for most of the variation in the 19 factors analyzed. Thus our factor analysis is restricted to five factors. Results are shown in Table 6 after an orthogonal rotation to make interpretation easier. Higher scores (whether positive or negative) have a high loading on that factor and indicate that the factor represents a certain subset of questions; these are highlighted in blue in the table. Loadings that are very low are highlighted in pink and have no effect on that factor. By evaluating the loadings we can interpret the attitudes represented by each factor. Factor 1 tends to have high loadings on the questions associated with community in the neighborhood. For example, "my neighborhood is a good place to live" and "I know my neighbors." Thus, we interpret factor 1 as representing a positive sense of community.
Factor 2 has high loadings on those questions associated with accessing activities. For example, "close to train or bus stop" and "good variety of shops and services." Therefore, we interpret this as representing a positive attitude associated with having easy access to various activities.
Factor 3 is interpreted as representing a child-friendly neighborhood. High loadings occur on "good schools" and "little or no traffic." Positive attitudes toward these attributes and the others shown in Table  6 suggest the neighborhood is viewed as child friendly. The fourth factor has positive loadings on questions that suggest that being able to easily use a car in the neighborhood is perceived as a positive feature. Questions such as "easy to park car" and "access to major roads or highways" have the highest loadings. We define this factor as "enjoys driving."
The final factor has relatively low loadings so is a bit more difficult to interpret. While various questions indicating that respondents feel a sense of community are high, such as "living in my neighborhood gives me a sense of community," others that load high suggest the community has some undesirable features, such as traffic, making it unsafe to walk and the neighborhood being noisy. Thus, we define this factor as a "distressed community." That is, there are positive feelings about the neighborhood as well as recognizable problems.
In all cases these interpretations are subjective and results should be interpreted with that in mind. These are used as independent variables in the multivariate model described next.
Structural equation model results
Results for our structural equation model are shown in Table 7 , Table 8 , Table 9 , Table 11 , Table 12 , and Table 13 . These models are linked together as shown in Figure 3 . These tables show the six linked models, each presented separately for simplicity. The number of observations is 779, reflecting a loss of some respondents due to missing data. This is a large N for most SEM analyses, and this creates some potential issues with interpreting the model fit statistics. In particular, it is less likely to find a significant chi-square value as the sample size increases, so it is more likely that the data will show a good model fit when it may not be. Table 14 shows relevant test statistics. The chi-square statistic is not significant, our value has a p=0.484, so issues of significance due to the sample size do not seem to be an issue (Barrett 2007) . Other test statistics that are generally reported suggest a good model fit (Iacobucci 2010 , Hooper et al. 2008 ). The Tucker-Lewis Index should be above about 0.95 and the model shows a value of 1.004. The Root Mean Square Area of Approximation (RMSEA) statistic is 0.000 and excellent fit is suggested at values of 0.01 or less.
To investigate whether this loss of respondent data potentially affects the results, we show the mean and standard deviation of each variable for both the full sample and the analysis sample in Table 15 . Those records with more missing values are respondents from the Newark Broad St. and Plainfield subsamples, both relatively lower-income areas. More missing records are from lower-income respondents. On the other hand, we lose fewer respondents from those who live in TODs, and those living between 0.5 and 2 miles have more missing variables. We also have somewhat shorter home tenures in the analysis sample, consistent with the fact that proportionately fewer TOD residents are dropped from the sample. The analysis sample also has slightly younger average household ages, and respondents are more likely to be frequent public transit users. Given the richness of the controls in our data, we do not expect these omissions to affect our analysis; however, we recognize that we mainly lose more of our lowerincome respondents.
Turning to the specific results, Table 7 displays variables that are associated with the length of time the respondent has lived in his or her home. Some 20 percent of the sample has lived in his or her current home for three years or less. The mean is about 13 years, while the median is 8 years. A histogram is shown in Figure 7 . Those who live in a TOD development have lived in their current homes for the shortest amount of time, according to the model results. This is not surprising as the TODs in our sample were relatively new. This effect is relative to those living both near the station, but not in a TOD, and those living farther out. The average age of the household is also highly correlated with the length of time living at the current residence. Of more interest, two of the attitudinal factors are statistically significant. Those who have good attitudes about the sense of community in their neighborhood have lived in their current home for a longer period of time. This makes sense as we would expect those who move away to perhaps have moved because of dissatisfaction with their neighborhood. The other statistically significant attitudinal factor is those who have positive attitudes about child-friendly communities have lived there for a shorter period of time. This is somewhat surprising but may reflect transitory patterns of moving to neighborhoods with good schools while one has children in school.
Other variables are not statistically significant at normal confidence levels. We see a positive effect associated with local street density (normally associated with more walkable areas), but it is not statistically significant. Other built environment variables, population and employment density, show no measurable effect.
The commute time model is shown in Table 8 . Those living in TODs do not have longer commutes than those living farther out. Those living within 0.5 miles of the station have slightly longer commutes than both other groups, but the statistical significance of this effect is low. Higher income households (above $150,000) tend to have longer commutes. Of the attitudinal factors, those who feel their neighborhood is child friendly tend to have longer commutes; this may represent decisions to live in communities with child-friendly amenities at the cost of a longer commute trip. Those who feel their community is distressed tend to have shorter commutes, although this is at a low level of statistical significance. Vehicle ownership is often determined by the built environment and the availability of good transit options. Our vehicle ownership sub-model is shown in Table 9 . Those who live close to the station tend to have fewer vehicles per household; however, those who live in TODs have as many vehicles as those living farther afield. While we can only speculate, this may be because new TODs are built with ample parking availability, while those living within 0.5 miles of the station are more constrained in the amount of space available for parking. Table 10 confirms that those in TODs have ample parking, either surface lots or enclosed structures. Those within 0.5 miles and farther out generally park in their garage or carport, their driveway or on the street. Surprisingly there is no substantive difference in on-street parking locations between these groups. The time devoted to parking is much less for those who do not live in TODs. Higher-income households also own more cars than lower-income households. The built environment variables have no impact on vehicle ownership. Attitudinal factors are associated with vehicle ownership, the one exception being those who value easy access, which had no statistically significant effect. Sense of community and distressed community factors both had positive associations, while factors for child-friendly community and enjoys driving had negative associations. There is no intuitive pattern associated with these effects, but we include them as controls in the vehicle ownership sub-model.
Our main interest is in how the three variables used to measure travel behavior, namely how the frequency of driving, walking, and public transit use, are associated with both proximity to the station and other controls. These results are shown in Table 11 (for walking frequency), Table 12 (for driving frequency), and Table 13 (for public transit use frequency). Each table shows both direct effects and total effects. The latter include indirect effects associated with the effects estimated by our three sub-models (for home tenure, commute time, and vehicle ownership) that also affect total frequency of using each mode. 
Walking frequency
The frequency of walking is strongly associated with proximity to the train station. Both those living in TODs and those living within 0.5 miles of the station walk more frequently than those living farther out. Surprisingly, those who live in TODs walk a bit less frequently than those living within 0.5 miles of the station. This is despite controlling for other factors, including car ownership, which has a statistically negative association with walking frequency. Those who have lived in their home for a shorter period of time tend to walk more frequently. This suggests they may have moved to their neighborhood because they valued walking. Those who walk more frequently also seem to have longer total commute times, perhaps because walking is part of their commute trip. Denser local street networks are also associated with increased walking frequency, a result similar to what the literature suggests. Population density, however, had no statistically significant effect, while employment density was negatively associated with walking frequency. Income and age variables had no association with walking frequency.
Results for our attitudinal factors show that those who value easy access to activities tend to walk less frequently. Those who value child-friendly neighborhood attributes walk more frequently, while those with positive attitudes on our enjoy driving factor seem to also be more frequent walkers.
Driving frequency
Variables associated with driving frequency are quite different (Table 12 ). Those households with higher car ownership tend to drive more frequently. Those with shorter commute times likewise tend to drive more frequently (probably because driving to work tends to reduce commute times). Average age of the household and income do not affect driving frequency. Proximity to the train station is associated with reductions in driving frequency. Interestingly, this effect is not evident from direct associations between driving frequency, but when indirect effects are included, the data suggest a statistically significant association. Thus, proximity to the station, whether from living in a TOD or living within 0.5 miles of the station is associated with reduced frequency of driving.
The only attitudinal factors associated with increased driving frequency are for valuing easy access and those who feel their neighborhood is distressed. Two other factors have strong negative associations, those who value child-friendly neighborhoods and those who enjoy driving. This latter result is surprising, but one should keep in mind that the definition of these attitudinal factors is subjective.
Public transit use frequency
The frequency with which our survey respondents use public transit is associated with how close they live to the station (Table 13) . Those living in a TOD are more frequent public transit users than those living within 0.5 miles of the station; both groups are more frequent users than those living farther from the station. This suggests that those who move into TODs are likely to value the benefit of living near the station. There are several other key influences on the frequency of using public transit. The more vehicles a household owns, the less frequently the respondent uses public transit. Those with longer commutes are more likely to use public transit (although their commutes may be longer because they use public transit). Respondents in households with income over $150,000 per year are also more likely to be frequent users of public transit, though this may be a reflection of our focus on communities served by commuter and light rail. Those in households with a higher average age are less frequent public transit users; this effect is indirect, mitigated by how average age is associated with home tenure and vehicle ownership. Those living in their current resident for longer periods of time also use public transit less frequently, albeit the significance level is low.
Built environment variables do not have a major effect; there is a small negative association with employment density. Perhaps those who live in areas with denser employment can travel to jobs that are closer without using public transit.
Conclusions
The primary objective of this analysis was to examine the travel behavior of residents living in proximity to train stations and in TODs, as well as to examine the effect of built environment amenities typically associated with more walkable areas. We find strong evidence that those who live near stations and in TODs are more frequent walkers and public transit users while also being less frequent car drivers. Those who live from 0.5 to 2 miles from the station are more frequent car drivers and less frequent walkers and public transit users. Alternatively, the evidence for how built environment factors influence the frequency of using these three modes is more limited. In most models there is no statistically significant effect associated with population density. We find mild negative effects associated with employment density and both walking and public transit use frequency. The one built environment measure that seems to influence walking is local street network density, which has a positive association with more frequent walking.
Several control variables are important to note. First, vehicle ownership affects the frequency of using all the modes. Increased vehicle ownership leads to more frequent driving and less frequent walking and public transit use. The length of time a respondent has lived in his or her current home tends to reduce the frequency of walking but does not affect the frequency of using other modes. This suggests that people who have moved more recently may have chosen their home location partly because of the walkability of the area around the station. Older households also tend to walk and use public transit less frequently. Those with higher incomes have an increased frequency of using public transit, but there is no difference in the frequency of their use of other modes.
The attitudinal control variables are in some cases difficult to interpret. These are composite variables calculated via factor analysis, and results should be interpreted in light of the subjective interpretation of the factor analysis. The factors tend to show opposite associations between driving frequency and with walking and public transit use frequency. This does suggest some underlying neighborhood preferences and attitudes toward each mode that these variables are controlling for. Controlling for these underlying attitudes is really the key purpose of including these variables in the model to minimize issues associated with self-selection bias.
To conclude, this analysis suggests that those living in TODs and transit-station areas are more likely to both use public transit and to walk more frequently compared to those living farther afield. The attitudinal controls in our model were intended to minimize self-selection bias as was the control for how long people had lived in their current residence; those who have moved more recently tend to walk more. The simultaneous control for the frequency of using three modes of travel is unique to our analysis. The results generally meet our expectations of the impact of TODs on travel behavior.
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